Many studies of higher-level evidence were published last year related to total hip arthroplasty (THA). Among them, outcome studies related to implant design, optimizing patient factors, streamlining postoperative placement, and minimizing complications dominated the body of literature. A recent systematic review also called for the development of a core outcome set for THA clinical trials. Among the 26 instruments being reviewed, the Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) was considered the highest-quality instrument overall, followed by the Hip disability and Osteoarthritis Outcome Score (HOOS) and the European Health Interview Survey (EUROHIS)-Quality of Life 8-item index 1 .
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Implant Design and Related Outcomes
Cemented THA A study using data from the Australian National Joint Replacement Registry followed 96,315 cemented THAs performed with use of 2 distinctive femoral stem designs 2 . The cumulative revision rate at 14 years for the polished tapered stems was significantly lower than that for the matte-finished stems (3.6% compared with 4.9%; p < 0.001). Aseptic loosening was the leading cause of revision in the matte-finished group (75%), while periprosthetic fracture was the main reason for revision in the polished tapered group. This latter finding was echoed by another study that showed a higher rate of periprosthetic fracture among polished, collarless, tapered stems as compared with a composite beam design 3 . The only parameter demonstrating any significant difference between the fracture and control group was canal bone ratio, suggesting that osteoporosis might be a cofounding factor.
Bearings
In a recent Humana dataset review, the use of ceramic-onpolyethylene bearings dramatically increased from 6.4% in 2007 to 52% in 2015, while the use of metal-on-metal bearings decreased during that same period. Patients >65 years of age were more likely to receive metal-on-polyethylene bearings 4 . The majority of recent studies investigating bearing surfaces focused on metal-on-metal bearings.
Metal-on-Metal

Blood Ion Level
There remained substantial overlaps between the metal ion levels of well-functioning and poorly functioning metal-onmetal implants 5 . Both lower serum cobalt and chromium thresholds (5 ppb and 2.5 ppb, respectively) 6 as well as implantspecific thresholds 7 were proposed as potential cutoffs for performing metal artifact reduction sequence (MARS) magnetic resonance imaging (MRI) with fewer missed cases.
The results of smaller-head (28-mm) metal-on-metal hip replacement with a minimum of 10 years of follow-up also were reported 8 . About 41% of the patients with blood cobalt or chromium ion levels of >1 ppb were found to have MARS MRI findings of adverse reactions to metal debris (ARMD), although most of these patients were asymptomatic. Blood cobalt level was identified as a risk factor for ARMD; however, it did not necessarily correlate with aseptic lymphocytedominated vasculitis-associated lesion (ALVAL) scores.
Cardiotoxicity
An autopsy study from the Mayo Clinic found significantly higher median myocardial concentrations of cobalt in individuals who were post-THA compared with controls 9 . The majority, however, were below those seen in case reports of death from cobalt cardiotoxicity associated with metal-onmetal prostheses.
In a matched cohort study comparing the incidence of newly diagnosed cardiac disease (arrythmia, myocardial infarction, cardiac failure, and cardiomyopathy), no significant differences were found between metal-on-metal and metal-onpolyethylene groups 10 . Similarly, the risk of cardiac failure was Specialty Update has been developed in collaboration with the Board of Specialty Societies (BOS) of the American Academy of Orthopaedic Surgeons. not found to be elevated among patients treated with metal-onmetal versus non-metal-on-metal hip arthroplasty designs 11 . Berber et al. showed that high blood cobalt and chromium levels (<100 ppb) were not associated with any substantial cardiotoxic effect in a prospective, single-center, blinded study 12 .
Metal-on-Polyethylene
Although less commonly reported, corrosion at the modular head-neck junction with a metal-on-polyethylene articulation in implants with no other modularity was found to cause severe ALTR (adverse local tissue reaction) 13 . Unexplained hip pain combined with normal radiographs was commonly observed. High corrosion scores were noted for all retrieved implants. Using 7 ppb as a cutoff for MRI testing would have missed twothirds of the patients with severe ALTR on MRI. The authors recommended using 1 ppb as a cutoff in this population, as previously suggested by other studies 14, 15 .
Ceramic-on-Polyethylene
Among asymptomatic patients with a ceramic-on-polyethylene hip replacement, MARS MRI identified an 18% rate of fluid collections (9 of 50 hips) 16 . No solid lesions or tissue destructions were seen in this cohort. The clinical importance and natural history of these findings remain unknown and warrant longer-term follow-up.
Ceramic-on-Ceramic
Ceramic head and liner fractures were main concerns for THAs with ceramic-on-ceramic bearings. Data from the National Joint Registry for England, Wales, Northern Ireland and the Isle of Man showed that the odds of head fractures involving the latest generation of ceramic were dramatically reduced as compared with early generations of ceramic heads (0.119% to 0.009%), while the odds of liner fracture remained unchanged 17 . Smaller femoral head size and higher body mass index (BMI) were associated with increased risk of ceramic bearing fracture.
Highly Cross-Linked Polyethylene (HXLPE) In a Level-I, double-blinded study from New Zealand, patients were randomized to receive either a conventional ultra-high molecular weight polyethylene (UHMWPE) liner or an HXLPE liner from the same manufacturer. At a minimum of 10 years of follow-up, significantly lower wear rates were noted for the HXLPE group (mean, 0.03 mm/yr) compared with the UHMWPE group (mean, 0.27 mm/yr) 18 . The prevalence of osteolysis and rate of revision were also much lower in the HXLPE group. A prospective randomized controlled trial by other authors also found a significantly lower wear rate for HXLPE compared with UHMWPE among younger patients (<65 years old) at 10-year follow-up 19 .
Other Level-I and II studies demonstrated significantly less wear for vitamin E-infused HXLPE compared with UHMWPE 20 , medium cross-linked polyethylene 21 , and HXLPE without vitamin E 22 at mid-term follow-up.
Modularity
In a French study investigating 324,108 patients followed for up to 6 years from the index procedure, the cumulative revision rate was 6.5% for a modular femoral neck design compared with 4.7% for a fixed-neck design (p < 0.001), favoring a fixedneck design 23 . When comparing 2 stem-sleeve designs, an alarmingly higher rate of stem fracture was reported for the Emperion (Smith & Nephew) group (1.5%) compared with the S-ROM (DePuy Orthopaedics) group (0.2%) 24 . An Australian registry study demonstrated that, when used specifically for the treatment of dislocation, constrained acetabular components actually had a higher second-revision rate for repeated dislocation compared with nonconstrained designs after 9 months 25 . This suggests that a different approach needs to be taken to address the challenges of treating dislocation.
In a systematic review of dual mobility designs from 2007 to 2016, a dual mobility articulation was considered a viable alternative to traditional bearing surfaces in primary and revision THA, and for patients with a fracture of the femoral neck 26 .
Patient Factors in Relation to Outcomes
Medical Comorbidities
Metabolic syndrome (MetS) (dyslipidemia, hypertension, abnormal fasting glucose, and visceral obesity) was found to be an independent risk factor for Centers for Medicare & Medicaid Services (CMS)-reportable complications, wound complications, and readmission following total joint arthroplasty (TJA) 27 . The group with MetS and a BMI of >40 kg/m 2 was noted to have a significantly higher risk compared with lower BMI groups.
Chronic obstructive pulmonary disease (COPD) 28 , multiple sclerosis 29 , and Parkinson disease 30 all were recently shown to be associated with increased risk of perioperative complications, a longer length of stay, and an increased likelihood of discharge to an extended care facility following THA.
There are mixed reports regarding the outcomes of THA among patients with hepatitis C. In a mid-term follow-up study, patients with hepatitis C were found to have similarly good implant survivorship and clinical outcomes after THA compared with matched controls 31 . Cancienne et al., however, showed that patients with hepatitis C had significantly higher risk of infection, aseptic revision surgery, medical complications, and blood transfusions compared with a matched cohort followed for up to 8 years 32 . An increased risk of perioperative complications, longer length of stay, and higher admission cost following THA were associated with a patient history of solid organ transplant and hematologic malignancies 33, 34 .
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Prior Hip Pathology
There are conflicting reports concerning the influence of prior arthroscopic surgery on the outcome of subsequent THA. In a prospective, match-controlled study, Perets et al. reported inferior outcomes for patients who had prior hip arthroscopy 35 . This was contrary to the findings of a retrospective case-control matched study performed in the United Kingdom 36 . Patients <30 years of age who undergo THA following prior hip salvage procedures (open osteotomies, core decompression, bone-grafting, and arthroscopic procedures) were found to have a higher risk of wound complications, superficial infections, and reoperations but similar implant survivorship compared with those who did not have any prior salvage procedures 37 . THA for hip fractures and conversion THA in the Medicare-covered population were both found to be associated with an increased risk of CMS-reportable complications, nonhomebound discharge, and readmission [38] [39] [40] [41] . A recent study from Duke University Hospital showed an approximate 19% greater cost for conversion THA compared with primary THA 42 .
BMI
In a recent retrospective review of 684 consecutive cases with failed THA referred to a single academic center for revision over a 10-year period, obesity was found to be independently associated with primary THA failure for aseptic loosening, while an American Society of Anesthesiologists (ASA) classification of ‡3 was independently associated with primary THA failure for infection 43 . Purcell et al. showed that obese patients (BMI of >35 kg/m 2 ) had higher rates of deep infection and superficial wound complications compared with nonobese patients, regardless of surgical approach 44 .
Smoking
In a propensity score-matched analysis, Sahota et al. found that smokers who underwent THA had higher rates of deep surgical site infections (SSIs) and readmission within 30 days postoperatively compared with matched controls 45 .
Surgical Approach and Outcome
There is an ongoing debate on what is the "best" approach for primary THA. A pragmatic, parallel, 3-arm randomized controlled trial is currently underway in Australia comparing the outcome measures and complication rates following 3 different approaches (anterior, lateral and posterior) for primary THA and hopefully will shed light on this issue 46 .
Direct Anterior Approach
In a study by Trousdale et al., 76% of new patients being evaluated for hip osteoarthritis in the authors' clinic were unaware of the direct anterior approach 47 . The majority of health-care information on surgical approach was conveyed by friends and family members. Patient perceptions were inconsistent with published data about the direct anterior approach and were likely influenced by marketing and the individuals surrounding them.
That being said, >20% of the members of the American Association of Hip and Knee Surgeons (AAHKS) promoted the direct anterior approach on the Internet 48 . Faster recovery and decreased pain were mentioned 9 times more often than were the potential risks. Besides the known higher risk of intraoperative fractures and the steeper learning curve, the direct anterior approach was associated with a higher risk of femoral nerve injury than other approaches, although complete nerve recovery with only mild motor deficits could be expected for 75% of patients in <2 years 49 . Hyperextension-induced fracture-dislocation of an ankylosed lumbar spine following the use of a direct anterior approach for THA was recently reported, and it was recommended that these patients would be best served with a lateral decubitus position with avoidance of aggressive hyperextension and traction 50 . A retrospective review of 4,651 cases in which primary THA was performed through either the direct anterior approach or the posterior approach found that deep infection rates did not differ significantly between the 2 approaches 44 . The direct anterior approach showed higher rates of superficial wound complications among both obese and nonobese patient groups. Compared with the direct anterior approach, the anterolateral approach was found to have a lower incidence of superior gluteal nerve injury in a recent prospective controlled study of 30 patients who underwent single-stage bilateral THA with use of the anterolateral approach on 1 side and the direct anterior approach on the other 51 . The radiation exposure to the patient during THA with the direct anterior approach was also addressed and found to be 178 mrem, less than a single pelvic radiograph (600 mrem), while the surgeon's exposure was undetectable 52 . Patient exposure was slightly lower than the previously established 300 mrem by Curtin et al. 53 .
Minimally Invasive Surgery (MIS)
Compared with a standard incision (16-cm) posterior approach, minimal incision THA (<10 cm) performed by a high-volume surgeon showed no clear benefit at 10-year follow-up in a Level-I study 54 . The revision rates for MIS through the use of anterior and anterolateral approaches were also comparable with those of conventional posterior and direct lateral approaches 55 .
THA Complications
The frequency of revision THA is projected to double from 2017 to 2027; dislocation and mechanical loosening are the predominant indications for revision THA in the United States 56 . Nerve injury, dislocation, and leg-length discrepancy continue to dominate as the leading causes of malpractice claims 57 . Another report found that there is considerable variation in complication rates following THA depending on the database used for analysis 58 .
Sciatic Nerve Injury
Both decompression at the site of surgery and at the distal end of the peroneal nerve around the fibular head showed improved sciatic nerve recovery (65% to 92%) compared with nonoperative controls (33%) 59, 60 . Considering that the mean time from sciatic nerve injury to actual distal peroneal nerve decompression procedure was slightly more than 1 year (397 days; range, 30 to 980 days), the findings by Wilson et al., showing 65% recovery, are very encouraging 60 .
Penenberg et al. showed an extremely low rate of dislocation (1 of 369, 0.3%) when they started using digital radiographs made during surgery to guide the placement of all acetabular cups in the "target zone" (30°to 50°of abduction and 15°to 35°of anteversion), with exceptions made only for hips with impingement identified intraoperatively 61 .
Spine Pathology and THA Dislocation
The association between spine pathology, including lumbar spine instrumentation, and THA dislocation or the likelihood of THA revision continued to be a hot topic of research. In a recent review of the impact of spinopelvic alignment on THA outcomes, 8 of 14 studies were published in 2017, although most were Level-IV studies 62 . Several spine conditions were found to place patients at higher risk of prosthetic dislocation. These included greater thoracolumbar kyphosis, pelvic compensation, and a lumbar flatback deformity 63 , lumbar fusion within 5 years of THA 64 , multilevel thoracolumbar fusion prior to THA 65 , and longer fusions or fusions including the pelvis 66 . Compared with patients without dislocation, the cohort with dislocation in a study by Esposito et al. showed significantly less spine flexion, less change in pelvic tilt, and more hip flexion from standing to sitting positions 67 . Lum et al. classified 5 patterns of spinopelvic mobility (normal, hypermobile normal, fixed anterior tilt, fixed posterior tilt, and kyphosis) and recommended that acetabular cup implantation ideally should be adapted on the basis of spinopelvic interactions rather than using arbitrary "safe zones." 68 
Infection/Periprosthetic Joint Infection (PJI)
Even though the rate of PJI may be plateauing 69 , the lifetime cost of treating PJI after THA is much higher than previously estimated ($390,000 compared with $100,000) 70 . One recent study showed an approximate 8% mortality rate among cases of revision for PJI within 1 year of the index primary THA procedure 71 . Patients with an enterococci-infected THA had a 3.10-fold higher mortality risk than did patients infected with other bacteria. In addition, methicillin-resistant Staphylococcus aureus (MRSA), Pseudomonas, and Proteus were associated with a lower infection-free rate, more surgeries, and more time in hospital for PJI treatment 72 .
Risk Factors
Data from the Australian Orthopaedic Association National Joint Replacement Registry showed a higher cumulative risk of revision for infection for metal-on-metal bearing surfaces (in particular, large-head metal-on-metal) compared with others at both the national and individual-surgeon level 73 . In a systematic review and meta-analysis, Hexter et al. found no differences in the incidence of revision for infection when comparing metal-on-polyethylene, ceramic-on-polyethylene, and ceramic-on-ceramic articulations 74 . Thresholds of 7.5% and 7.7% for hemoglobin A1c have been recommended to be more predictive of infection than the commonly used 7% and should perhaps be the goal in preoperative patient optimization 75, 76 . Shohat et al. recommended that a fructosamine level of ‡292 mmol/L be used as an alternative in the setting of preoperative glycemic assessment 77 . Previous MRSA carriers who undergone successful decolonization and had confirmed eradication of MRSA still had a significantly higher risk of SSI when undergoing THA or TKA (total knee arthroplasty) compared with those who never tested positive for MRSA 78 .
Diagnosis
Higuera et al. found that the threshold values for the optimal accuracy in the diagnosis of PJI after THA were a synovial fluid white blood-cell (WBC) count of 3,966 cells/mL and a polymorphonuclear cell (neutrophil) percentage of the WBC count (PMN%) of 80% 79 . However, the authors also acknowledged a clinically important "gray area" around the thresholds, with uncertainty highlighting the challenge of accurate diagnosis.
The commercially available Synovasure Alpha Defensin Test (Zimmer Biomet) with a lateral flow device was recently demonstrated to be highly accurate when diagnosing PJI following THA and TKA, with sensitivity of 92.1% and specificity of 100% 80 . Serum D-dimer (850 ng/mL threshold) appears to be a promising marker for the diagnosis of PJI, and this test may have a great utility for determining the optimal timing of reimplantation 81 . A urine leukocyte esterase test was also recommended as a rapid point-of-care test after initial serologic screening of the erythrocyte sedimentation rate (ESR) and Creactive protein (CRP) 82 . Compared with testing with the Synovasure Alpha Defensin Test, serum D-dimer and urine leukocyte esterase test are much cheaper and more accessible.
Treatment
As noted in a study by Edelstein et al., systemic absorption of antibiotics from high-dose antibiotic-loaded cement spacers persists for at least 8 weeks 83 . It is recommended that patients
WHAT' S N E W I N HIP R E P L AC E M E N T should be monitored closely for complications related to systemic absorption of antibiotics from such treatment. Petis et al. found a very high risk of mechanical complications including fractures and loosening, in addition to poorer outcomes, for those with retention of antibiotic spacers that did not go through 2-stage exchange 84 . From the medical-management perspective, a Level-I study in 2017 showed that an additional 3 months of oral antibiotic treatment in 2-stage revision for PJI appeared to improve infection-free survival 85 .
Venous Thromboembolism (VTE) and Acute Ischemic Stroke In a multicenter, double-blinded, randomized controlled trial involving 3,424 patients who received 5 days of rivaroxaban prophylaxis after THA or TKA, the results were not significantly different between those who received extended prophylaxis with aspirin and those who continued with rivaroxaban in the prevention of symptomatic VTE 86 . The risk of recurrent VTE with tranexamic acid (TXA) administration was also evaluated. In a retrospective matched control study, a group at the Mayo Clinic found that the use of intravenous TXA did not increase the rate of recurrent VTE among patients with a prior history of VTE undergoing THA or TKA 87 . Regarding the risk of perioperative acute ischemic stroke, Perfetti et al. found that the risk is 29 times higher among THA patients with an atrial septal defect/patent foramen ovale compared with matched controls 88 .
Acute Kidney Injury/Disease
Three recent studies provided a better understanding of the complication of acute kidney injury/disease. In a nested casecontrol study from the Mayo Clinic, 114 (1.1%) of 10,323 THA cases developed acute kidney injury using KDIGO (Kidney Disease Improving Global Outcomes) criteria 89 . Older age, male sex, chronic kidney disease, heart failure, diabetes, and hypertension were risk factors for postoperative acute kidney injury. When several risk factors presented before surgery, the risk of acute kidney injury increased significantly, from <1% to >20%.
Using the same criteria for acute kidney injury diagnosis, another group studied the combined local effect of an antibiotic spacer with intravenous antibiotics after first-stage joint revision for infection 90 . Higher BMI, lower preoperative hemoglobin, and medical comorbidities (diabetes mellitus, chronic kidney disease, cardiovascular disease, and hypertension) were significant risk factors associated with acute kidney injury. Neither the dose of vancomycin nor tobramycin used in the spacer was found to be a risk factor for acute kidney injury.
A third study found a much higher rate of postoperative acute kidney disease (6.8%) in THA and TKA patients when acute kidney disease was diagnosed using the "Risk, Injury, Failure, Loss of kidney function, and End-stage kidney disease" criteria 91 . Perioperative use of angiotensin receptor blockers or angiotensin-converting enzyme inhibitors, perioperative vancomycin use, and increased BMI were associated with increased odds of postoperative acute kidney disease.
It is very likely that the actual rate of acute kidney injury/acute kidney disease falls somewhere in between the rates noted in the studies highlighted above and a mutually agreed upon definition of acute kidney injury/acute kidney disease would better guide clinical practice.
Urinary Retention/Postoperative Urinary Retention
Spinal anesthesia is becoming more prevalent in short-stay and rapid-recovery THA pathways. A history of prior urinary retention and high intraoperative fluid volume were found to be risk factors for postoperative urinary retention following THA under spinal anesthesia 92 . A prospective observational study from the Netherlands found that both spinal anesthesia and preoperative residual urine volume were significant risk factors associated with postoperative urinary retention, while increased perioperative fluid administration was not correlated with the rate of postoperative urinary retention 93 .
Postoperative Discharge Settings and Complications
The U.S. national rates of 30 and 90-day readmission after THA were noted to be 4% and 8%, respectively 94 . As found in a study by Fleischman et al., a large majority of patients living alone could be sent home directly after TJA 95 . They tended to stay an additional night in the hospital and utilized more home health services.
Current Trends and Controversies
Computer Navigation and Robotic Surgery The proportion of THA cases using technology assistance grew each year, increasing from 0.5% in 2008 to 5.2% in 2015 (p < 0.001) 96 . Current evidence demonstrates equivalent outcomes when computer navigation and robotic assistance is compared with traditional THA techniques, with the potential benefit of decreasing complications such as hip instability 97 .
"Outpatient" THA and Same-Day THA In a recent study of 2005 to 2014 data from the National Surgical Quality Improvement Program (NSQIP) database, Bovonratwet et al. found significantly more adverse events, complications, and readmissions for an inpatient compared with an outpatient THA group; however, they acknowledged there was considerable selection bias in their study. In addition, they subsequently found no difference between the groups when the "outpatient" definition was changed to LOS (length of stay) = 0 98 . Querying the same NSQIP dataset from 2005 to 2014, Basques et al. found no significant differences in overall postoperative complications or readmission between same-day and inpatient hip arthroplasties 99 . In the study, a BMI of ‡35 kg/m 2 , both insulin and non-insulin-dependent diabetes, and an age of ‡85 years were associated with increased 30-day readmission following same-day procedures. In select, healthier patients, outpatient arthroplasty (hip and knee) alone did not increase
WHAT' S N E W I N HIP R E P L AC E M E N T the risk of readmission or reoperation and was a negative independent risk factor for complications 100 . A standardized risk-assessment score for the safe selection of outpatient joint replacement patients was recently advocated 101 . Other investigators noted that the presence of ‡1 comorbidity (coronary artery disease, COPD, and frequent urination or benign prostatic hypertrophy) was associated with an increased risk of overnight observation 102 .
Multimodal Pain Control/Perioperative Pain Management Recent advances in multimodal analgesia target different pathways of pain management, achieving maximize pain control while minimizing the side effects of narcotics. However, there is no consensus on the ideal perioperative analgesic modality for THA 103 . A Cochrane review of 45 randomized controlled trials demonstrated that peripheral nerve blocks provide better pain control compared with systemic analgesia, with no major differences found between peripheral nerve blocks and neuraxial blocks 104 . In a 3-arm randomized clinical trial, Johnson et al. found that continuous posterior lumbar plexus block or periarticular infiltration (PAI) with liposomal bupivacaine, ketorolac, and epinephrine provides superior postoperative analgesia compared with PAI with ropivacaine, ketorolac, and epinephrine 105 . However, in a prospective randomized trial, the superiority of liposomal bupivacaine was not confirmed when compared with control (bupivacaine hydrochloride alone) 106 .
Health-Care Policy Medicare-mandated, but potentially medically unnecessary, inpatient days at a higher level of care increase the total cost of TJAs. Policies regarding minimum-stay requirements before discharge should be reevaluated 107 .
Upcoming Meetings and Events Related to THA The 13th Congress of the European Hip Society will be held September 20-22, 2018 , in The Hague, the Netherlands (www.europeanhipsociety.com). The 28th Annual Meeting of the AAHKS will be held November 1-4, 2018, in Dallas, Texas (www.aahks.org).
The Hip Society's 2018 Summer Meeting will be held October 4-6, 2018, in New York, NY (www.hipsoc.org).
Evidence-Based Orthopaedics
The editorial staff of The Journal reviewed a large number of recently published research studies related to the musculoskeletal system that received a higher Level of Evidence grade. In addition to articles cited already in the Update, 6 other articles with a higher Level of Evidence grade were identified that were relevant to total hip replacement. A list of those titles is appended to this review after the standard bibliography. We have provided a brief commentary about each of the articles to help guide your further reading, in an evidence-based fashion, in this subspecialty area. WHAT' S N E W I N HIP R E P L AC E M E N T
